Six strains of a hitherto-undescribed gram-positive, catalase-negative, facultatively anaerobic coccus from human sources were characterized by phenotypic and molecular taxonomic methods. Comparative 16S rRNA gene sequencing studies demonstrated that the unknown strains are genealogically homogeneous and constitute a new subline within the genus Gemella. The unknown bacterium was readily distinguished from Gemella haemolysans, the type species of the genus Gemella, and from Gemella morbillorum by biochemical tests and electrophoretic analysis of whole-cell proteins. On the basis of phylogenetic and phenotypic evidence, it is proposed that the unknown bacterium from clinical specimens be classified as Gemella bergeriae sp. nov. The type strain of G. bergeriae is CCUG 37817 ‫؍(‬ strain 617-93).
Members of the genus Gemella (1) consist of catalase-negative, facultatively anaerobic, gram-positive cocci which occur in pairs (often with adjacent sides flattened), tetrads, or short chains and which possess DNA with a low GϩC content (2) . Two species, Gemella haemolysans and Gemella morbillorum, are currently recognized (2) . G. haemolysans, the type species of the genus, was originally classified as a member of the gramnegative genus Neisseria (19) , whereas G. morbillorum was initially classified as Diplococcus morbillorum (18) . The latter species was subsequently assigned to the genera Peptostreptococcus and Streptococcus before its placement in the genus Gemella (13) . Despite their somewhat checkered taxonomic histories, G. haemolysans and G. morbillorum closely resemble each other phenotypically (3, 8, 9) , and 16S rRNA gene sequence analysis has shown that they represent two genealogically highly related species (20) .
Both G. haemolysans and G. morbillorum are residents of the mucous membranes of humans and some other animals (2) . In healthy people, G. haemolysans has been found in the oral cavity and upper respiratory tract whereas G. morbillorum is in addition found as a component of the normal human intestinal flora. Gemellae, like some other commensal bacteria of the human microbiota, are opportunistic pathogens, causing severe localized and generalized infection, particularly in immunocompromised patients (5-7, 12, 14, 15, 17) . In this article, we report the phenotypic and phylogenetic characterization of some catalase-negative, gram-positive, Gemella-like isolates from human clinical specimens. On the basis of the phylogenetic findings and the phenotypic distinctiveness of the unknown isolates from humans, a new species, Gemella bergeriae sp. nov., is described.
MATERIALS AND METHODS

Strains.
Five bacterial isolates (46-86, 617-93, 767-96, 1239-85, and 1625-92) and a single strain (CCUG 31456) originating from human clinical specimens were referred to the Centers for Disease Control and Prevention (CDC; Atlanta, Ga.) and to the Culture Collection of the University of Göteborg (CCUG; Göteborg, Sweden), respectively, for identification. Strains 46-86 (CCUG 37968) and 617-93 (CCUG 37817) were isolated from blood cultures of persons with subacute bacterial endocarditis. Strains 767-96 (CCUG 37818), 1239-85 (CCUG 37967), and 1625-92 (CCUG 37969) were also isolated from blood cultures of hospitalized patients, but clinical information on these patients was not provided with the cultures. The sixth strain, CCUG 31456, was isolated from blood cultures of a patient with endocarditis from Stockholm, Sweden.
Biochemical tests. All strains were cultured on Columbia agar (Difco, Detroit, Mich.) supplemented with 5% horse blood at 37°C in air plus 5% CO 2 . The strains were biochemically characterized by using the API Rapid ID32 Strep and API ZYM systems according to the manufacturer's instructions (API bioMérieux, Marcy l'Etoile, France).
PAGE analysis of whole-cell proteins. Polyacrylamide gel electrophoresis (PAGE) analysis of whole-cell proteins was performed as described by Pot et al. (16) . For densitometric analysis normalization and interpretation of protein patterns, the GelCompar GCW 3.0 software package (Applied Maths, Kortrijk, Belgium) was used.
DNA base composition. The moles percent GϩC content of DNA was determined by thermal denaturation as described by Garvie (11) .
16S rRNA gene sequence analysis. A large fragment of the 16S rRNA gene (corresponding to positions 30 to 1521 of the Escherichia coli 16S rRNA gene) was amplified by PCR with conserved primers close to the 3Ј and 5Ј ends of the gene. The PCR products were purified by using a Prep-A-Gene kit (Bio-Rad, Hercules, Calif.) according to the manufacturer's instructions and directly sequenced by using a Taq Dye-Deoxy terminator cycle sequencing kit (Applied Biosystems, Foster City, Calif.) and an automatic DNA sequencer (model 373A; Applied Biosystems). The closest known relatives of the new isolates were determined by performing database searches. These sequences and those of other known related strains were retrieved from the GenBank database or Ribosomal Database Project library and aligned with the newly determined sequences by using the program PILEUP (4). The resulting multiple-sequence alignment was corrected manually, and a distance matrix was calculated by using the programs PRETTY (10) and DNADIST (using the Kimura-2 correction parameter [10] ). A phylogenetic tree was constructed by the neighbor-joining method with the program NEIGHBOR (10) . The stability of the groupings was estimated by bootstrap analysis (500 replications) using the programs DNABOOT, DNA-DIST, NEIGHBOR, and CONSENCE (10) .
Nucleotide sequence accession number. The 16S rRNA gene sequence of strain 617-93 (ϭ CCUG 37817 T ) has been deposited in GenBank under accession no. Y13365.
RESULTS AND DISCUSSION
The six clinical isolates were ovoid in shape and formed single cells, pairs, or short chains. All of the strains were grampositive, catalase-negative, oxidase-negative facultative anaerobes which produced pinhead colonies on blood agar. The strains did not grow in broth containing 6.5% NaCl, at 10 or 45°C. The strains resembled gemellae in their appearance and their relative nonreactivity in the biochemical tests employed. All of the isolates produced acid from glucose and were similar to each other in not producing acid from D-arabitol, L-arabinose, cyclodextrin, glycogen, lactose, melibiose, melezitose, methyl-␤-D-glucopyranoside, pullulan, ribose, sorbitol, sucrose, trehalose, or D-xylose. Three of the six strains showed weak acid production from mannitol; acid production from maltose was either negative or weak. In commercial API systems, all six isolates produced phosphoamidase, pyrrolidonyl arylamidase, pyrazinamidase, and ester lipase C8; variable activity was shown for esterase C4 (five of six strains positive), and one of six strains displayed acid phosphatase activity. None of the strains produced arginine dihydrolase, alkaline phosphatase, alanine-phenylalanine-proline arylamidase, N-acetyl-␤-glucosaminidase, chymotrypsin, ␣-fucosidase, ␣-galactosidase, ␤-galactosidase, ␤-galacuronidase, ␤-glucuronidase, glycyl-tryptophan arylamidase, lipase C14, ␤-mannosidase, trypsin, urease, or valine arylamidase. In conventional disk tests for pyrrolidonyl arylamidase and leucine aminopeptidase, all of the strains tested were positive, although strain 617-93 was weakly positive in both tests. All of the strains failed to hydrolyze esculin, gelatin, and hippurate; they did not reduce nitrate and were Voges-Proskauer and indole negative. The close phenotypic affinity among the clinical isolates was confirmed by PAGE analysis of whole-cell proteins, in which the six strains formed a robust and tight cluster. The group embracing the unknown clinical isolates was quite separate from all other gram-positive, catalase-negative reference organisms examined, including G. haemolysans and G. morbillorum (Fig. 1) .
To establish the phylogenetic affinities of the clinical isolates, their partial 16S rRNA gene sequences were examined. The sequence of a large fragment of Ͼ1,400 nucleotides was determined for each strain. No nucleotide differences were detected among the six strains (i.e., 100% sequence similarity was exhibited), thereby demonstrating their genealogical homogeneity. Sequence searches of the GenBank and Ribosomal Database Project libraries revealed that the unknown organism was phylogenetically most closely associated with species of the genus Gemella. A tree depicting the phylogenetic affinity of the unknown coccus with closely related taxa is shown in Fig. 2 . The unknown coccus formed a distinct line branching at the base of the Gemella clade (comprising G. haemolysans and G. morbillorum). Bootstrap resampling showed the grouping of the unknown clinical bacterium with the genus Gemella to be robust (bootstrap value, 100%). Earlier studies have shown that G. haemolysans and G. morbillorum, although genotypically separate species (approximately 20% DNA-DNA relatedness), are nevertheless genealogically highly related, exhibiting only 1.6% sequence divergence (corresponding to 24 base differences) in their 16S rRNAs (20) . In the present study, the 16S rRNA of the unknown coccus displayed 5.6 and 5.4% sequence divergence from those of G. haemolysans and G. morbillorum, respectively. These somewhat higher values, together with the deeper branching position in the tree, demonstrate that the unidentified bacterium is phylogenetically more distant from G. haemolysans and G. morbillorum than 
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these two species are from each other. The high overall 16S rRNA gene sequence similarity (approximately 95%) and phenotypic resemblance of the unknown bacterium to G. haemolysans and G. morbillorum are, however, clearly consistent with its assignment to this genus. The two currently recognized Gemella species are considered commensal with humans, but each has been shown to be a causative agent of endocarditis and other infections (2, 5-7, 12, 14, 15, 17) . For example, G. haemolysans has also been reported in clinical cases of septicemia and meningitis (14, 15) and an infection of a total knee arthroplasty (6) . All of the strains in this study originated from human clinical material. Strain 617-93 (ϭ CCUG 37817 T ) was sent to the CDC from P. Coudron, Veterans Affairs Hospital, Richmond, Va. This strain was isolated from four of eight blood culture bottles that had been inoculated with blood from a 42-year-old male patient with a history of malaise, night sweats, and fever. The patient had mitral valve prolapse and periodontitis. A clinical diagnosis of subacute endocarditis was made; the patient remained hospitalized for 3 months and eventually underwent mitral valve replacement surgery. One other patient also had a diagnosis of subacute bacterial endocarditis (isolate 48-86). This culture was submitted to the CDC from the Virginia State Health Department. The remaining three cultures examined (767-96, 1239-85, and 1625-92) at the CDC were isolated from blood cultures of patients, but no clinical diagnoses were provided. They were submitted from the state health department laboratories of Arizona, Florida, and Maryland. All five patients in the United States survived their infections. In view of the fact that the patient from which strain 617-93 was isolated had severe periodontitis, it is likely that the source of this strain was the oral cavity. Strain CCUG 31456 also originated from the blood of a patient with endocarditis (in Sweden). No further details on the case were available. It appears that the described unknown coccus, like the other gemellae, represents another opportunistic human pathogen. Due to limitations in tests used in routine diagnostic laboratories, it is not inconceivable that the hitherto-unknown coccus may have been misidentified as G. haemolysans and/or G. morbillorum in the past. Characteristics that we consider useful for distinguishing the new bacterium from G. haemolysans and G. morbillorum in the diagnostic laboratory are summarized in Table 1 . On the basis of both phenotypic and phylogenetic evidence, we believe that the unknown bacterium from clinical sources should be classified as a new species of the genus Gemella, for which the name G. bergeriae is proposed.
Description of Gemella bergeriae sp. nov. Gemella bergeriae (ber.ger.iae L. n., named after Ulrich Berger in recognition of his contributions to the microbiology of gemellae). Cells are gram-positive, non-spore-forming cocci that occur singly, in pairs, or in short chains. Cocci are sometimes elongated. Colonies on blood agar plates after 48 h are small, circular, entire, low convex, translucent to opaque, and smooth. Nonpigmented. Some strains (three of six) are hemolytic on horse blood agar. Growth does not occur in broth containing 6.5% NaCl, at 10 or 45°C. Facultatively anaerobic. Catalase and oxidase negative. Gas is not produced from Mann, Rogosa, or Sharpe broth. Acid is produced from glucose. Some strains produce acid (weak reaction) from maltose and mannitol. Acid is not produced from D-arabitol, L-arabinose, cyclodextrin, glycogen, lactose, melibiose, melezitose, methyl-␤-D-glucopyranoside, pullulan, ribose, sorbitol, sucrose, trehalose, or D-xylose. Using the API system, phosphoamidase, pyrrolidonyl arylamidase, pyrazinamidase, and ester lipase C8 are detected; esterase C4 and phosphatase acid activity is detected in some strains. Leucine aminopeptidase is positive, as is pyrrolidonyl arylamidase, by disk test methodology, but tests incorporated into dehydrated commercial identification systems (API) using these substrates give variable results. Arginine dihydrolase, alkaline phosphatase, alanine-phenylalanine-proline arylamidase, N-acetyl-␤-glucosaminidase, chymotrypsin, ␣-fucosidase, ␣-galactosidase, ␤-galactosidase, ␤-galacuronidase, ␤-glucuronidase, glycyl-tryptophan arylamidase, lipase C14, ␤-mannosidase, trypsin, urease, and valine arylamidase activities are not detected. Esculin, gelatin, and hippurate are not hydrolyzed. Voges-Proskauer and indole tests are negative. Nitrate is not reduced. The GϩC content of the DNA is 32.5 mol%. The type strain of Gemella bergeriae is strain 617-93 (ϭ CCUG 37817). The type strain produces acid from mannitol and is pyroglutamic acid arylamidase negative. Isolated from clinical specimens. Habitat unknown. 
